
cathode drop are quite high, namely.
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yU = 2
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This investigation studies the effect which the motion of the cathode spot has on its E-diagram. 
The motion is depicted as a sequence of steps of a finite residence time.

The spot motion affects essentially only the energy characteristics Te which in comparison to the 
stationary characteristics Tes are shifted to smaller values. Hereby the critical currents /0, /x are 
raised in comparison to the corresponding stationary limits 7os, hs •

Particularly attractive are the phenomena found in connection with the dependence of the spot 
velocity v on the spot current /. If the spot velocity increases with the spot current stronger than 
v oc 7J/2 then the E-diagram reveals the existence of an upper limit 7U for the spot current. This 
result can be used to explain qualitatively the experimentally observed phenomena of "spot multi­
plicity" and "spot extinction".

Quantitative conclusions are obstructed by the lack of knowledge about the velocity dependence 
on the spot current, v(l). Experimental and theoretical studies to provide a better understanding 
of the physical background and the analytical laws describing the motion of the cathode spots are 
urgently needed.

Introduction

In an earlier investigation of the metal vapour 
a rc1 we considered the stationary cathode spot 
(SCS). Using the E-diagram technique2' 3 we studi­
ed characteristics of charge conservation, particle 
conservation and energy conservation. Apart from 
a relatively close limitation of the current densities 
and the temperatures in the cathode spot we observ­
ed the occurrence of two different spot-modes (0, 1).

Reprint requests to Prof. Dr. G. Ecker, Theoretische Phy­
sik, Lehrstuhl I, Ruhr-Universität Bochum, D-4630 Bo­
chum-Querenburg, Buscheystraße, Gebäude NB 7/152. 

We further found a requirement for a minimum

spot current (/0, / x) for the stationary operation of 
a cathodic onset in these modes.

In the consecutive treatment of the metal vapour 
or vacuum arc 4 we improved the understanding of 
the cathode spot mechanism by including simultane­
ously the analysis of the sheath and the space charge 
region and by taking into account multiply charged 
ions. In this way we found the variation of the elec­
tron temperature T _ and the cathode drop Uc with 
the spot surface temperature T and the total current 
density j.

In principal these new results ask for a recalcula­
tion of the E-areas derived in 1 utilizing the more 
accurate data of 4. This analysis is in progress but



quite cumbersome. However, as was already argued 
in 4, it can be anticipated that this recalculation will 
approximately reproduce the E-areas of 1 and yield 
changes only in the rest of the (; — r)-diagram which 
is not directly relevant for the physical consequen­
ces studied here.

It seems noteworthy that neither the original in­
vestigation in 1 nor the improvement in 4 yield an 
upper limit for the total spot current which might be 
expected from the experimental evidence of the 
phenomenon of spot multiplicity. This leads us to 
suspect that our model is not complete yet.

In fact the stationary cathode spot presents an 
idealization of the true spot in that the true spot is 
practically always in motion. This non-stationarity 
may — as we already suspected in 1 — reduce the 
E-area, alter the critical minimum currents / cr or 
even yield the expected upper limitation for I. Such 
influences might also have a bearing on the con­
clusions drawn for the chopping and stability quali­
ties of the vacuum arc 5.

Principal Considerations of the Non-Stationary 
E-Diagram

As far as the basic features of this investiga­
tion are concerned, we refer the reader to the Re­
ferences 1-3.

As in ** 6 we limit the existence area through 
"unidirected approximations", so called character­
istics. Each of these characteristics yields a T(j)- 
dependence because it neglects one or a combination 
of the laws describing the spot mechanism. Accord­
ing to the large number of possible neglections, we 
have a large choice of possible characteristics.

We select here the same dependencies as in the 
treatment of the stationary spot where we restricted 
ourselves to three such characteristics and termed 
them for the reason of their physical background: 

characteristic of charge conservation (c),
characteristic of neutral particle conservation (n), 
characteristic of energy conservation (e).
Of course, under these circumstances it is advised 

to orientate our analysis of the nonstationary cathode 
spot (NCS) closely at the procedure used in 1. In 
fact we will simply start with the equations of 1 and 
discuss to what extent alterations are required due 
to the non-stationarity:

We consider an arc-spot which moves with a cer­
tain constant velocity across the surface of the ca­

thode. The motion is interpreted on the basis of 
the idea that the seemigly continuous motion of the 
spot is actually a sequence of steps in the following 
sense. The arc operates in one place for a certain 
time r0, then discontinuously steps to a neighbour­
ing site displaced about one spot diameter (2 a) 
and here operates again for a time r0, which we call 
the residence time. This "step motion" is supported 
by experimental evidence.

It is clear that within the frame of this model 
the relation

t  0 = O(a/v)=O(I/jv*y>> (1)

holds, where (a) denotes the radius of the spot and 
(v) the spot velocity.

This relation (1) allows an estimate of the time r0 
which characterizes the non-stationarity and which 
will prove useful in discussing the extent of applica­
bility of the SCS-theory to the NCS-analysis.

We know from experiment that for a Cu-Cathode 
the spot currents are in the range /  = 0 (102) [A] 
and their spot velocities in the range v 0(104) 
[cm/sec]. Further it follows from the E-diagram 
in 1 that the current densities are j = 0(1O6) [A/cm2]. 
Therefore

To =  0  (10-6) [s] (2)
holds for the residence time of the spot.

Knowing r0 we now decide whether the laws de­
scribing the characteristics of charge conservation 
(c), neutral particle conservation (n) and energy 
conservation (e) relax to stationarity in a time rr r0 
or whether they require non-stationary adjustments.

Calculation of the Non-Stationary Characteristics

As stated, we orientate our calculations at the 
corresponding relations of the SCS-theory.

Characteristic of Charge Conservation

We use the equations presented in Ref. 1 in the 
form

je = e f  D(Ec,e) N(e, T,cp) de,

D(Ec,e) = 1 + exp 2 i p(x) dx

(3)

(4)

N(e, T, tp) = (5)
[4 tt k T m_/h3] ln[l + exp { — {e-cp)/kT}] ,

Ee2 = 4/e0 (m + t/c/2 e) {j + (ro + /m _):* -  j _ } , (6)



j  = j + + je (Ec T) ,

j j j ^ u j i u t  + üi).

(7)

(8)
Here je and /' + designate respectively the absolute 
value (a. v.) of the electron emission density from 
and the ion current density to the cathode. D is the 
emission probability, N the supply function. £ de­
signates the electron energy, p the momentum per­
pendicular to the electrode surface. xt and x2 are 
defined through p2 (x) =0. <p is the work function 
of the cathode material. Ec designates the a. v. of the 
electric field at the cathode surface. Uv is the cathode 
drop and U[ the ionization potential. The (<)-sign 
of Eq. (8) admits the existence of the spot in the

T > Tti ij) (9)
where the characteristic Tcl (j) is the solution of 
Eqs. (3) — (8) using the ( = )-sign in Equation (8).

The applicability of these relations (3) — (8) to 
the non-stationary moving spot can be judged by 
comparing the relevant relaxation times with the 
residence time r0 .

The fastest process of the phenomena described 
in Eqs. (3) — (8) is the relaxation of the (T —F)- 
emission formulated in Eqs. (3) —(5). Its order 
of magnitude is characterized by

Tcl=W*em = O (10-14) [s] (10)
where Zm is the characteristic length of the metal 
structure and vem the average velocity of the elec­
trons within the metal. Obviously rcl is many orders 
of magnitude smaller than r0 and consequently we 
treat the emission process quasi-stationary.

Next we consider Eq. (6) and characterize the 
corresponding relaxation time by
t c2 ^  I j v  + s ^  10 (k T .fes)1/2 cüp + - 1 co r

^ 0 ( 1 0 ~ 8) [s] (11)
where Zsp designates the extension of the space 
charge region, v + s the average velocity of the ions 
ini the space charge region, e8 the corresponding 
energy and a>p + the plasma ion frequency. Here we 
used the result from 4 that Zsp = 0 (  10A_D ) holds.

Obviously rc2 is also much smaller than r0 so that 
we may use Eq. (6) unchanged.

The current continuity of Eq. (7) too is charac­
terized in its relaxation by the quantity rc2 . We can 
therefore use Eq. (7) for our moving spot.

Finally in judging Eq. (8) we remember that its 
background is the analysis of the ionization region.

Due to the assumption of quasi equilibrium the re­
distribution of this plasma caused by the moving 
spot is governed by ionization and recombination 
processes and we therefore have the relataxion time

rc8 = W®- ^ O ( 1 0 " 9) [s] (12)
where lv\ characterizes an average mean-free-path 
for these processes and v _ the average electron velo­
city in the plasma. Here we have taken into account 
that the pressure of the neutral gas cloud is always 
near or above one atmosphere.

Conclusion: Since we have (rci , rc2, t C3) t 0 
the characteristic of charge conservation as calculat­
ed in the SCS-theory can be transferred to the E- 
diagram of the NCS-investigation.

Characteristic of Neutral Particle Conservation

In the SCS-treatment we considered two neces­
sary conditions for neutral particle conservation 
corresponding to the limits that all or none of the 
neutral particles vapourized are ionized in the 
plasma cloud.

They read

7 + (7» Tm) =

the other
1Q\
3n2

Pev (Tn\) 
(m+ kTnl/3y

P*ev(7n2)
(k 7V)2 ft

(13)

(14)

where pt.v denotes the equilibrium vapour pressure, 
(),.; the cross-section for ionizing electron-neutral 
collisions, /  the total spot current and an an uncer­
tainty factor (an> l ) .  Equations (13), (14) together 
with Eqs. (3) — (7) provide two sets of characteris­
tics Tni , Tno requiring

T ^ T nl(j), Tn2(j) . (15)

Having secured the quasi-stationary treatment of 
Eqs. (3) — (7) in the previous section the new re­
laxation time to be considered is the time rn of the 
adjustment of the neutral vapour density to a given 
surface temperature. This time rn is characterized 
by the average collision time of neutral cloud par­
ticles with the electrode surface

"̂n — n̂/̂ n » (16)

where Zn describes the mean-free-path and vn the 
average velocity of the neutrals in front of the ca­
thode spot surface. Since all mean-free-paths — even



that of the electrons — are assumed to be small in Consequence: We can use in the E-diagram of the 
comparison to the spot extension (a) and vn ^> v movinig spot (NCS) the ^-characteristics of the 
holds, it is clear that we have rn r0 . (SCS) -analysis.

Characteristic of Energy Conservation

The stationary energy characteristic was describ ed by the relation
/+(/, Te) / „  0-32 p,, .1/t ^  ) \ \ -  £ Pev^e)j  (Uc + Ui) ] <p- v* 4 (m+ kTel3)'/= Te-w{Te

V*.

where the existence area is limited by
T < T e(j, I)

(17)

(18)

In this relation o and w denote respectively the specific resistivity and the heat conductivity of the cathode 
material. The relaxations of all processes entering into Eq. (16) where covered in the previous discussion 
of charge conservation and neutral particle conservation, — except one: 

The relaxation time re of the temperature distribution within the cathode.
To estimate this relaxation time re consider a semi-infinite medium with w(T) at an initial temperature 

T0 (room temperature) with a plane surface to which a constant energy density flux J is applied over a 
circular area of radius (a). The time development of the temperature distribution in the medium can 
than be described 7 by

T -  Ü  j j . ( i r ) j , d a )  | e - ' * e r f c | ^ v - l ( ö t ) 1 erfc 2 (St)1/' X(St) V»
A (19)

where d designates the thermal diffusivity
<5 = w/x = w /cd, (20)

d is the density and x, c describe the heat capacity 
per unit volume respectively unit mass, z is the co­
ordinate perpendicular to the surface in the center 
of the circle, r the corresponding radial coordinate. 
Js denotes the Bessel function of order s.

We can restrict our considerations to the z-axis 
(r = 0) since for large distances the problem has 
spherical symmetry and so the z-axis is characteris­
tic whereas for small distances the problem can be 
considered plane and our results hold across the 
whole (a)-area.

For r = 0 Eq. (19) reduces to

For a number of typical examples the relaxation 
times re are calculated from the knowledge of the 
diffusivity and the spot size from the E-diagram.

Fe Cu Mo W Cd

O (te) [s] 10 10" 10-« 5-10- 10"
(23)

2 / (dt)1/2 ierfc
Z2 W*

4 dt, - ierfc( ^ f
(21)

where ierfc is the integral of the error function 
complementary.

We are solely interested in the surface tempera­
ture at z = 0 and for that point Eq. (21) shows by 
means of a power expansion that the relaxation time 
to the stationary value is given by

These numbers show that in general the condition 
re r0 is not fulfilled so that we have to solve our 
energy conservation characteristic non-stationary.

Non-Stationary Energy Characteristic

As we know from the solution of the stationary 
problem the net-influx /  to the spot area on the 
cathode surface is a function of the instantaneous 
cathode spot temperature. This temperature varies 
with time. Consequently /  is an implicit function 
of time, J[T (t)]. Therefore it is our problem to 
solve the equation o:f heat conduction in the cathode

3x{T) T (x ,t) /d t= v { w (T )y j[T (x ,t)]}  (24)

subject to the boundary condition of a temperature 
dependent energy influx J(T) in a circular area at 
the surface of a semi-infinite medium bounded by 
a planar surface. This provides us with an integro 
differential equation for the temperature if we use



the approach of Green's function. We neither know 
of any analytical solution of this problem 8 nor do 
we consider this as a task which we should tackle 
in this paper.

Instead we recall that for the E-diagram, it is 
sufficient to calculate a value Te larger tan the true 
temperature T in the surface spot area

Te> T . (25)
In this spirit let us then calculate the surface tem­
perature of a model where the energy supply den­
sity J[T (t)] is extended from the actual circular 
area (a) to the whole surface plane of the semi- 
space. The temperature Te calculated in this way 
will certainly satisfy the relation (25). Moreover, 
the temperature Te will even be a close approxima­
tion to T as long as the diffusion length (<5/)Vi is 
smaller than the radius of the spot (a). This holds 
in the whole range of our interest since for a time 
t= ( a 2ldy!i we approach the stationary state. The 
assumption of a plane energy supply is therefore 
a good approximation for our calculation and com­
pletely save in the sense of Equation (25).

Still no general analytical solution can be found 
due to the temperature dependence of w and v.. 
Again we may take advantage of the E-diagram 
technique by choosing w and x constant, but such 
that the temperature Te is increased in the direction 
of Equation (25).

With iv and x constant and a time dependent 
plane energy influx J (t) the analytical solution is 11

T(z,t) = 2 (jt w0 x0)
f e-z*l4B(t-f) J(t')

</ä "J (t-t'yit d t + T 0 
(26)

where w0 and x0 denote the constant values as spe­
cified above. Since we are interested in the surface 
temperature only, Eq. (26) simplifies to equation

t
Te(t) = 1 - ,, [ J! Tei!']J  d t+ T 0 (27)ev ' 2 (.t w0 x0) <> J (t—t')1'* 

o
which is an integral equation for the function Te(t). 
A very awkward integral equation since the energy 
influx according to Eq. (17) is given by

J ( j ,I ,T e( t ) )= j  { (t/c + t/i)7' ^ 7̂ -  (28)

- I r n -  0-32 71/2 i*'o(T ) Y -  — - Pev(re) \<P yn '  J e U e ) j | 4 (m+fc7V3)Vt

where j + [j, Te) must be calculated from Equations 
( 3 ) - ( 7 ) .

Nevertheless it is possible to solve Eqs. (27), (28), 
(3) — (7) numerically by an iterative procedure 
and with that to find the characteristic Tc( j , I , t ) as 
a function of time having for t = 0 the value Te = T 
and approaching for > oo the stationary solutions 
T1 es •

With that we know all three characteristics as a 
function of time and can therefore calculate the E- 
area as a function of time.

The Non-Stationary E-Area

From the relation (27) and the structure of the 
SCS-E-Diagram it is quite obvious that for J = 0 no 
self-sustained operation of the arc is possible. This 
means that immediately after a displacement — after 
a step — the spot cannot operate self-sustained. But 
during this initial phase it may still profit from the 
remains of the operation in the preceding step and 
consequently one can argue that self-sustainement is 
not required yet. On the other hand the moving arc 
certainly cannot operate continuously if it does not 
reach self-sustainement at any stage during its re­
sidence time r0 . Consequently, for the continuous 
operation of a moving spot it is a necessary require­
ment:

A finite E-Area must be available in the non- 
stationary E-Diagram at least at the time t = r0.

We observe htat the restriction to a necessary 
requirement is again in the spirit of the E-diagram 
technique.

To evaluate the consequences of this necessary 
requirement, we plot the stationary characteristics 
Tc(/) = T cs(j) and Tn(j) = T ns(j) together with the 
non-stationary characteristics Te (j , I, r0) < TPS (j, I) 
into a diagram 12. Due to the dependence of r0 on 
the spot velocity v [see Eq. (1)] the characteristics 
Te must be expected to depend also on the velocity v, 
Te{j, I,v).

The characteristics Tc = Tcs an Tn = Tns are shown 
in Figures 1 and 2.

The evaluation of the Te characteristics requires 
the specification of the spot velocity v as a function 
of the spot current I.

The derivation of this relation v(I) as a function 
of the experimental conditions cannot be subject of 
this paper. We should take this information either 
from experimental evidence or from earlier theore­
tical attempts. There is such experimental evidence
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Figs. 1 and 2. Characteristics of charge and neutral particle 
conservation Tc , Tn identical with the corresponding sta­
tionary characteristics Tcs, n̂s calculated in 1 of this in­

vestigation of the vacuum arc.

(Refs. 13~20) but it is rather limited and not in the 
range of parameters where we would want it. There 
is an abundance of theoretical endeavours 21-29 but

most of them offer only a vague physical concept 
without analytical or even quantitative evaluation. 
Moreover, recent emotional dialectics contributed 
only to the general feeling of insecurity in this 
field 30.

In this situation we consider it reasonable not to 
use uncertain values of experimental or theoretical 
origin but rather to study the consequences of the 
spot motion for various cases of characteristic de­
pendencies v (I) .

The velocity dependence on 7 is important since 
it influences the 7Ycharacteristics via the upper li­
mit of integration in

r0
Te(;) = Te(j, T0) = j  V o v r  dt' + To

0 (29)

where r0 = (7/; i;2)1/3 holds.
It is obvious that we should distinguish two es­

sentially different cases (1, 2).
v = c-Iv; v 1/2; (30)

v = c-Iv; v >  1/2. (31)

C ase  1 : As can be seen from Eq. (1) r0 in­
creases or stays constant with increasing current. 
Under these circumstances it folows from the struc­
ture of Eq. (29) that the non-stationary Te(j,I)- 
characteristics in their dependence on 7 form a set 
of curves shifting with increasing 7 monotonously 
to larger values of T. Of course the relation Te (j, I) 
<  Tes (j, 7) always holds.

C a se  2 : Again Te (j, 7) <  Tes (j, 7) holds. How­
ever, the decrease of r0 with increasing 7 now causes 
an important change. For small values of 7 the Te- 
curves shift with increasing 7 to larger values of T 
as in case 1 and as in the stationary case. However, 
above a certain current 7 the characteristics start to 
move down again due to the decrease in r0 . As we 
will see, this effect has decisive consequences with 
respect to the E-area.

As a typical example for the structure of case 1, 
Fig. 3 demonstrates the 71e-characteristics for a con­
stant velocity (c=10 [m/s], v = 0). For the pur­
pose of comparison Fig. 4 presents the correspond­
ing Tes curves.

The principal features of case 2 are shown in 
Fig. 5 where we have chosen (c= 1/32 [m/s A], 
v = 1). The figures clearly demonstrate the predicted 
rise and fall of the characteristics with increasing 
total current 7.
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Figs. 3 and 4. Non-stationary energy characteristics Tq for a 
spot velocity i;=10 [m/s] and stationary spot characteristics 

Tes as calculated in

Noteworthy is the fact that the (l)-mode is prac­
tically precluded in both cases. In case 1 this mode 
disappears for all currents below the unphysically

j [A/cm2]

------ -j [A/cm2]
Fig. 5. Rising and falling non-stationary energy character­
istics Te for a spot velocity v depending on the spot current I 

according to the relation v=lj32 [m/s A].

high limit of about 5000 A. In case 2 it disappears 
altogether 31.

The construction of the existence area for an ex­
ample of case 2 results in Figure 6. For reasons of
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Fig. 6. Structure of the E-area of a cathode spot moving 
with the velocity v = I/32 [m/s A]. The arrows indicate the 
shift of the r e-characteristics with increasing current 7. 70 
designates the minimum current required for existence, 7 the 
current at which the shift of the 7Vcharacteristics changes its 

sign, 7U the maximum current for existence.

comparison Fig. 7 shows the corresponding statio­
nary existence area.

We note that the critical minimum current 70 
below which we expect fluctuations and extinction is 
in the non-stationary case larger than in the statio­
nary case, — as expected. Most important however, 
the continuous increase of the existence area observ­
ed in the stationary diagram is not recovered in the 
non-stationary diagram of case 2. In fact the exis­
tence area in the non-stationary case first increases 
with increasing current and then passing a certain 
current /  decreases reaching again zero at a critical 
upper current 7U . Spot velocities in the range of 
case 2 produce an upper limitation 7U for the spot 
current.

Since these limiting currents 70, 7U are of central 
interest, we calculated their values as a function of 
the parameter c for v = 1.

The result is shown in Figure 8. It shows that the 
upper and lower current limit approach each other 
with increasing velocity. When they intersect we 
have readied a veocity where spot existence is ex­
cluded altogether.

Fig. 7. Existence diagram of the stationary spot as calculated 
in 1. 70 is the minimum current required for the existence of 

a spot at rest.

Fig. 8. Maximum and minimum critical current 7 ,̂ 7q re­
quired for the existence of a spot moving according to the 

relation v = c I as a function of the constant c.



In this investigation we considered the non-statio- 
narity of the cathode spot as caused by its motion 
across the cathode surface. The motion is depicted 
as a sequence of steps of finite residence time r0 .

A discussion of the relaxation times shows that 
the Tcs(j)- and Tns (j) -characteristics of the statio­
nary spot can be transferred to the moving spot. 
The same is not true for the Tes ( /)-characteristics.

The TV-characteristics are determined through a 
complicated integral Equation (28), (29). All solu­
tions of this equation satisfy the relation Te( j ,I )
<?'eS (/',/)•

It is noteworthy that the velocity of the spot 
enters into the calculation (28), (29) through the 
upper integral limit in the form I/j v2. Due to this 
fact the dependence v(I) has a decisive influence 
on the TV-characteristics. Considering the relation 
v = c I' the residence time r0 increases with increas­
ing current I and the ^-characteristics rise monoto­
nously with increasing current if we choose v ^  1/2 
(case 1). In case 2 with v 1/2, however, the re­
sidence time r0 decreases with the current and as a 
consequence the TV-characteristics rise only up to a 
certain current I and then descend again.

In case 1 the principal structure of the E-area is 
not changed in comparison to the stationary state. 
There is still the (0)- and the (l)-mode. For all 
currents 7>70 we have finite E-areas increasing with 
the current 7. The critical current of the (O)-mode 
70 is slightly shifted to higher values in comparison 
to /os. The critical current of the (l)-mode may be 
raised drastically to unphysicallv high values.

In case 2 we do still have a critical current 70>70s 
for the (O)-mode. However, we find in comparison 
to the stationary E-area spectacular changes.

The (l)-mode does not exist any more32.
The most striking phenomenon, however, is the 

fact that now the E-area opens up at 70, increases 
with increasing current 7 > /0 up to a certain value 
7 and then starts to decrease when the current is 
monotonously raised beyond 7. Finally at an upper 
limiting value of the current 7U the E-area vanishes 
again.

In this second case therefore the spot current is 
limited to a finite range

/ 0< / < / u. (32)
We studied the dependence of the two limiting cur­
rents (70 , 7X) on the proportionality constant (c)

of the velocity law. The result shows that with in­
creasing (c) — that is with increasing velocity for a 
constant current — the interval AI = Iu — 70 shrinks 
and eventually reaches the value zero. From that 
point on existence of the spot is precluded altogether.

A physical interpretation of these analytical re­
sults may be useful to deepen the understanding:

In the case of the stationary spot we understood 
that the minimum current 7cr has its physical origin 
in the fact that below this current the heating of the 
cathode is insufficient to produce the surface tem­
perature which is necessary to provide the metal 
vapour and the plasma conditions which in turn 
yield the ion current necessary for the surface heat­
ing. For 7 >  7cr there is an E-area available which 
increases with the current. Within this "uncertainty 
area" lies the poinit of solution where our physical 
conditions can be met.

If the spot moves the energy balance is disfavour­
ed and consequently T0 is shifted to lower values. 
This cannot surprise since — contrary to the statio­
nary spot — the moving spot after each step must 
built-up the surface temperature from the value T0 . 
In this way it will reach the stationary temperature 
Tes only after an infinitely long residence time. The 
smaller the residence time in a step, the more will 
the Te-characteristic shift to smaller values, Te< T es.

This has an interesting consequence in connection 
with the dependence of the velocity on the current, 
v = c 7". In the case where we have v >1/2 the resi­
dence time decreases with increasing current. This 
tends to shift the ^-characteristics with increasing 
current to smaller values. Depending on the para­
meters, this disfavouring effect may overcome the 
in principal favourable influence of increasing spot 
current on the energy balnace. In this way, we can 
understand the rise and the descend of the Te-char- 
acteristics in case 2. At the same time we under­
stand the disappearance of the E-area at un upper 
current limit /„ .

The results described here offer themselves only 
to qualitative conclusions since the lack of knowl­
edge of the velocity dependence v(I) on the spot 
current precludes quantitative comparison:

The existence of an upper limit of the spot cur­
rent 7„ in case 2 of the velocity dependence not only 
could explain but would demand the phenomenon 
of spot multiplicity. If the total arc current sur­
passes the critical value 7U then there is no other 
choice for the discharge but to form additional spots



at the cathode. The results also offer a possible ex­
planation for the observed phenomenon of spot ex­
tinction when the spot approaches the rim of the 
cathodic area. Due to the influence of magnetic in­
teraction we can expect — and experimental obser­
vation shows — that the spot velocity increases 
towards the rim of the cathodic discharge area. Con­
sequently we must expect that the spot moves in the 
direction of increasing values of (c) when it ap­
proaches the rim. The results of Fig. 8 would then 
predict the suicide of the spot when it reaches the 
critical value (ccr) where the curves 7U and / 0 in­
tersect.
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